different data that appears on the screen. As a result, the Internet user should have a certain erudition to distinguish between numerous data values. The electronic brains of modern computers, though being fantastically fast and genuinely comprehensive, are still rather stupid and unable to make any logical comparison between the different sets of data and to choose the most reliable ones. In other words, in our Internet society, there is still a significant need for scientific books.
From my childhood and throughout all my life (I am 57 now), I was a keen collector. First, it was stamps, then coins, then books, then LPs, then antiques, then rhododendrons (I have a nice collection of 50 varieties in my Irish garden), and so forth. And this crystal survey can be considered as a collection of data, which I have been arranging and completing during the last 25 years. My first review on nonlinear optical crystals [1] appeared in 1977 and 20 years later was selected by SPIE as a milestone publication in the field of optical parametric oscillators [2] . This personal history is probably the reason why I decided to create one more book on nonlinear optical crystals and to spend every day (in reality every evening), during a one and a half year period, behind my home computer. In other words, I like this process (there is no other explanation).
The remarkable property of such a collection is that it belongs to many people simultaneously, as I share it with each reader. I hope that using (reading) my little encyclopedia will bring the readers at least a small part of the great enjoyment, that the compilation of this book gave me.
David N. Nikogosyan Tower, Blarney Co. Cork, Ireland 20 December 2003 7.9 Yb:GdCa 4 O(BO 3 ) 3 , Ytterbium-Doped Gadolinium Calcium Oxyborate (YbGdCOB) . 
Introduction
In the past 25 years, I have published 9 reviews and databases on nonlinear optical crystals [1] [2] [3] [4] [5] [6] [7] [8] [9] . Therefore, in introducing this new book, I would like to answer probably the most common FAQs of future readers: "Why do we need this new book and what are the most important changes in this crystal survey in comparison with my last database, compiled in 1995 and published by Springer in 1997 and 1999 [8, 9] ?" The reason for writing a new book is, first of all, the tremendous development of laser techniques in the past decade. There are three obvious tendencies: 1 . A transfer to shorter laser pulses with hundreds (tens) femtoseconds of duration.
The shorter pulsewidth leads to an increase of irradiation intensity, which forces nonlinear optical processes to proceed with higher efficiency. At the same time, such transfer dramatically increases the laser pulse-induced damage threshold of nonlinear materials. The short pulse duration makes it necessary to account for the effect of group velocity dispersion. This effect could even be profitable, leading to laser pulse compression in the course of second-harmonic generation (SHG). 2. The development of miniature diode-pumped continuous-wave (CW) laser sources, emitting light in the visible, UV, and near IR ranges. The invention of a new method of phase matching, the so-called quasi-phase matching, allowed use of the highest possible value of the second-order nonlinear coefficient in any crystal material and the ability to obtain phase-matching in any desirable direction (e.g., non-critical phase matching). This significantly increases the efficiency of second-order threewave interactions (i.e., SHG), allowing the change of frequency of a laser diode with rather high output. Another possible way is to dope the nonlinear optical crystal by a rare-earth ion (which is usually Nd or Yb). Under laser-diode pumping, such doped material generates the fundamental radiation and simultaneously converts it into the second harmonic. Therefore, they are referred to as the selffrequency-doubling crystals. 3 . An active search for new nonlinear optical materials, especially among the low-symmetry crystals. In the past decade, important crystals such as GdCOB, YCOB, YAB, BIBO, CLBO, KBBF, LB4, MgBaF 4 , GaAs, and many others were introduced or developed. This led to their successful application in quasi-phase matching, self-frequency doubling, deep-UV generation, and so forth.
This book differs from the previous handbook [8, 9] first of all by its structure. I omitted the theoretical part as the theory for second-order three-wave interactions in nonlinear crystals is now well established, and other good books have also been written on that subject [10] . I also decided to exclude from consideration all traditional applications of nonlinear optical materials (SHG, SFG, DFG, OPO, and so on), as it would easily increase the book's volume well above any acceptable level.
The second difference is the content of this new database. Forty-three oldfashioned nonlinear optical materials were excluded, and instead, 30 new crystals are now included. For the first time, a special consideration is made for periodically poled and self-frequency-doubling materials. The structure of each crystal file was changed drastically, adding the significant amount of crystallophysical, thermophysical, spectroscopic, electrooptic and magnetooptic information.
This newly written survey of 63 nonlinear optical crystals contains more than 1500 different references with full titles, which for convenience are presented inside each data file. Fifteen percent of all citations refer to years 2000-2003; 41% to the past 9 years (the time passed since the previous data collection). The most frequently cited sources were the journals Applied Physics Letters (11.3% of all references), Optics Letters (10.0% of all references), and Optics Communications (9.8% of all references).
After the survey of crystal properties (Chapters 2-8), Chapter 9, with seven mini-reviews discussing some recent applications of common and novel nonlinear materials (including self-frequency doubling and quasi-phase matching), completes the book.
Finally, I would like to mention my friends and colleagues, listed below in alphabetical order, for their critical comments, valuable discussions, and for sending me related reprints and pdf files. My sincere acknowledgments go to Prof. Gerard Aka (France), Prof 
Basic Nonlinear Optical Crystals
This chapter contains information on the four most widely used nonlinear optical crystals: beta-barium borate (BBO), lithium triborate (LBO), lithium niobate (LN), and potassium titanyl phosphate (KTP). Together with their periodically poled derivatives, periodically poled lithium niobate (PPLN) and periodically poled potassium titanyl phosphate (PPKTP), these materials are employed in at least 75% of all today's practical applications.
All the values of the angular, temperature and spectral acceptances, given in this and in the following chapters, correspond to a 1 cm length of the considered nonlinear crystal.
β-BaB 2 O 4 , Beta-Barium Borate (BBO)
Negative uniaxial crystal: n o > n e Molecular mass: 222.950 Specific gravity: 3.84 g/cm 3 Other sets of Sellmeier equations are given in [1] , [5] , [8] , [23] , [24] , [25] , [26] . Relative signs of d 22 and d 31 are opposite [8] , [25] , [34] . Temperature dependence of linear thermal expansion coefficient for temperature range 273-1073 K (T in K) [5] : 
